Bioassays have demonstrated a statistically significant tumor promoting activity for the acidic fractions of cigarette smoke condensate (21.). Thus, quantitative analytic determinations of the active constituents of these fractions appeared desirable for comparisons as well as for the planning of future bioassays. Available analytical data for free fatty acids in tobacco smoke cannot be regarded as quantitative (22). However, qualitative and semi-qualitative investigations have been reported for tobacco anq mainstream smoke from cigarettes and cigars.
regarded as extremely low. The finding of nonvolatile fatty acids with mostly eleven to sixteen carbon atoms and some with C17 and higher numbers was reported by Mohnachev et al. for the smoke of cigarettes made from oriental type tobaccos in Bulgaria (7). So far the most detailed data on free and combined nonvolatile fatty acids in tobacco and tobacco smoke were presented by Bellin (1) . They included values from the cigarette smoke from fluecured and Burley tobaccos for 9 saturated and unsaturated fatty acids between C 1 2 and C 18 . These acids constitute between 4·5 and 5.90/o of the weight of smoke condensate. The transfer rate of nonvolatile fatty acids from tobacco into the smoke was found to vary between 24-260/o for flue-cured tobacco and 32-49 0/o for Burley tobacco. The present investigation purported to develop a method for the quantitative determination of saturated and unsaturated nonvolatile fatty acids in tobacco and tobacco smoke, which would require not more than 10 to 20 mg of starting material.
EXPERIMENTAL

A. Reagents and Instruments
The organic solvents used were of spectrograde quality (Matheson, Coleman & Bell, East Rutherford, New Jersey) or commercial grade chemicals purified according to Weif3berger et al. (18) . n-Hexane and benzene were dried over calcium chloride. Stearic acid-1-C 1 4 (74,900 d.p.m.I!J.g.; International Chemical Nuclear Corporation, City of Industry, California) served as an internal standard for saturated fatty acids, and oleic acid-9,1o-H 3 (357,000 d.p.m./!J.g.; Nuclear Chicago) for unsaturated fatty acids. The radioactive tracers were purified via their methyl esters. The Nuclear Chicago Scintillation System 720 was used as counting equipment. It has a maximum counting efficiency for ~-radiation from C 14 of about 75 0/o and from H3 of about 25 Ofo. The scintillator solution was prepared by dissolving 0.4 0/o PPO (2,5-diphenyl-oxazole) and o.oo5 °/o POPOP (p-bis [2-(5-phenyloxazolyl)]-benzene; Nuclear Chicago) in toluene. Freshly distilled diazomethane (12) , BFs (6) and 2,2-dimethoxypropane (DMP; K & K Laboratories, Plainview, New York) were used for the methylation of free fatty acids (1o). The methyl esters were concentrated by chromatography on Florisil (Fisher Chem.). The final separation was aChieved with 12 0/o D.E.G.S. (diethylene glycol succinate; Applied Science Laboratories, State College, Pa.) on Gas Chrom P (6o-8o mesh) as support in 2.5 meter stainless steel columns with an i. d. of 3 mm in the Wilkens Instrument 1525 gas chromatograph with a flame ionization detector (Varian Assoc., Walnut Creek, Cal.). The dried tobacco varieties to be tested were powdered and then sieved to yield a uniform particle size of about 50 mesh. The reference compounds, methyl esters of fatty acids, were obtained from the Hormel Institute (Austin, Minnesota) and the Applied Science Laboratories. The cigarettes were smoked on a CSM-1o Automatic Machine from Cigarette Components Ltd. (19) under standardized conditions of one 2-second puff per minute with a volume of 35 ml; the chosen butt length was 23 mm (2o). The 85-mm nonfilter cigarettes were made exclusively from Bright, Turkish, Maryland, and Burley tobaccos. As an additional sample, we tested an 85-mm United States blended cigarette also without filter tip. The cigarettes were humidified for 24 hours at 58 °/o R.H. and 21° C. For each analysis, 10 cigarettes within ± 20 mg of the average weight of 200 cigarettes were selected. The particulate matter (TPM) was collected on Cambridge filters (17) . An additional trap cooled by dry ice-acetone was placed between the Cambridge filter assembly and smoking machine in order to facilitate quantitative work.
B. Analysis of Fatty Acids in Tobacco
In order to ascertain quantitative extractions of the fatty acids from tobacco yet to avoid hydrolysis of their esters, we tested the solvents n-hexane, benzene, and benzene:ethanol 4:1. As will be discussed later, benzene was found to be the most appropriate system. The fatty acid analysis was accomplished as follows: five to ten grams of powdered tobacco mixture (moisture content below 1 Ofo) and a suitable small quantity of stearic acid-1-C 14 and of oleic acid-9,1o-H 3 were placed in a thimble, covered with prewashed cotton* and subjected to soxhlet extraction with dried benzene for 24 hours. After three washings with benzene all solvent was evaporated under reduced pressure. The residues of Turkish and Bright tobaccos were green oils, those of the other tobaccos were yellow semi-solids. The residue was dissolved in 30 ml of ether and was then extracted with three 30 ml portions of 2 N KOH. Thereafter, the ether layer was washed once with 15 ml of water, all KOH and aqueou;-layers were combined, and were acidified with 5 N HCl while being cooled in an ice-bath. The free acids were extracted from this solution with three equal volumes of ether. The combined ether layers were dried over anhydrous sodium sulfate, filtered, and evaporated. Fifty mg of the extracted acids were placed into a flask together with 2 ml methanol, 0.2 ml 5 N HCl and 5 ml DMP. After standing at room temperature for one hour, the admixture was transferred with toluene into a round bottom flask, and the solvent was evaporated under reduced pressure. The residual crude ester-fraction was placed onto a Florisil column (1.5 XS cm) and eluted with 250 ml hexane:benzene (1 :1) and, subsequently, with 50 ml benzene. The solvents were evaporated and the residue was transferred with small volumes of toluene into a 1 ml volumetric flask. Aliquots of this solution were used for counting of the C 1 4 and H 3 activities and for the gas chromatographic separation of the esters. About 1ho aliquots were injected into the 20 ml vials with scintillator solution, which were then counted in C 14 and HS settings. The observed quenching effects of the ester admixture were within the experimental deviation and could be neglected. Another aliquot of the methyl ester concentrate was separated by gas chromatography (see part A). The temperatures were 265-300° C at the injection port, 275° C at the detector. Programming was initially 140° C, 10 minutes isothermal, then progressive heating at a rate of 4 ° C per minute until 200° C was reached. Helium was used as carrier gas with an inlet pressure of 4.2 atm. {6o lbs in2) and a flowrate of 55 ml per minute. The above described method can be applied on a microscale for the analysis of the five major fatty acids with as little as 1o-2o mg of tobacco as starting material. Fatty acid esters are present in tobacco as well as in smoke condensates (22) . In order to control their hydrolysis during the analytical procedures, we added purified methyl oleate carboxyl-C 14 (1,100 d.p.m./J.lg.; Tracerlab, Waltham, Massachusetts) at the beginning of an analysis. Extracts and acidic portions were then examined· for ~-activity.
C. Identification of Nonvolatile Acids
For an identification of the maxima in the chromatograms, in addition to the retention times, the effluents from the column were split at a ratio 1 :3 for detection and collection. The 75 °/o effluents were collected in capillary tubes. When at least 0.1 mg had been obtained for each peak, and after purification on small Florisil columns, the molecular weights and fragmentation patterns were determined by mass spectroscopy. For the identification of unsaturated fatty acidmethyl esters, the method of Tinoco and Miljanich was applied (15) in which the esters are oxidized with permanganate in acetic acid.
D. Free Fatty Acids in Cigarette Smoke
The combined materials collected on the Cambrid~e filter and cold traps were tagged with trace amounts of stearic acid-1-C 14 and oleic acid-9,1o-H3 and then extracted for four hours with benzene. From this point on, the method for the fatty acid analysis is identical with that described in part B. For each fatty acid analysis, 2 X 10 cigarettes were smoked. We found an experimental deviation of ± 7 Ofo for the five major acids. When the cigarettes to be smoked are selected not only by weight but also by draw resistance, the analysis can be accomplished within the same experimental deviation with 2 X 3 cigarettes.
• All light fixtures in the laboratories were covered with yellow plastic sheets to prevent irradiation by light below 470 m!'-(12}.
RESULTS AND DISCUSSION
Prior to establishing the actual determination of fatty acids in tobacco and its smoke, a method had to be worked out that permitted a quantitative extraction of the free fatty acids without hydrolyzing fatty acid esters. Figure 1 represents a graphic summary demonstrating that n-hexane is unsuitable for the quantitative extraction of fatty acids from tobacco, although it has been used for qualitative work (14) . The extraction with benzene:ethanol (4:1) is also unsuitable since it brings about increasing yields of extractable acids and thus indicates the possibility of ester hydrolysis. With benzene, however, we found that the extraction was quantitatively accurate after 12 hours and remained stabile even after 36 hours. We have, therefore, chosen to standardize the procedure with 24-hour extractions with FIGURE 1 benzene.
Tobacco extraction
The addition of methyl oleate-1-C14 to tobacco revealed only insignificant hydrolysis during Hours of extraction formed material interfered with the gas chromatogram of the higher fatty acids. BFs was unsuitable as a methylating agent because it. requires reflux-distillation of the acid concentrates in methanol; furthermore, the use of this method was found to be of limited value (6). 2,2-Dimethoxypropane (DMP) proved to be the most suitable methylating agent for the fatty acids. At room temperature DMP decomposes only into the volatile products methanol and acetone. A gas chromatogram of the methyl esters of the nonvolatile free fatty acids from blended tobacco is presented in Figure 2 . The unsaturated fatty acid esters of the concentrate are decomposed by oxidation and the remaining esters compared with the original fraction (Fig. 3) . The identification of the individual peaks was based on retention times and infrared absorption spectra of the corresponding effluents. For the determination F 1 G u RE 2 of unknowns, the molecular weights were Chromatography of methyl esters of nonvolatile fatty acids determined by mass spectrometry. Since we esters, t e ecomposition pattern m t e spectra
The first figure at each peak represents the carbon number did not allow a differentiation between normal of the corresponding fatty acid, the figure after the colon and methyl-branched isomers. According to Mold et al., the branched methyl isomers of the f~tty acids amount to less than 10 Ofo and are not actually present in any appreciable amount with the possible exception of the 2-methyl isomers of Cts acids and 3-methyl isomers of C11 and Ct9 acids (8) . It is, furthermore, unknown to what extent these isomers derive from saturated and/or unsaturated fatty acids and a verification of these facts is quite cumbersome. We, therefore, hold the view that a differentiation between normal and methylindicates the number of double bonds for the compound. branched fatty acid isomers is not warranted at this time. However, of greater importance to bioassays is that no difference is known between the isomers of fatty acids as tumor promotors on mouse epithelium (5, 11). The results of the analysis of six cigarette tobaccos are summarized in Table 1 and show the highest over-all free acid concentration for one Turkish variety with o.6 °/o, then Bright tobacco, the cigarette blend, the second Turkish variety, Maryland, and Burley tobacco follow with 0.43, 0.28, 0.27, 0.14, and o.o9°/o respectively. These data indicate a higher concentration of free nonvolatile fatty acids in flue-cured and sun-cured tobacco than in air-cured tobaccos. In addition to the seven major fatty acids in tobacco, C 1 C14, C15 and all saturated acids between C2o and C26 were identified. The configurations of two components indicated by maxima in the gas chromatograms have so far not been determined. The two Turkish and Bright varieties as well as the United States tobacco blend gave one chromatographic peak which was identified as coumarin by mass and ultraviolet absorption spectra. One may assume that this aromatic lactone is originally present in tobacco. Figure 4 shows a gas chromatogram of the methyl esters of the nonvolatile fatty acids from cigarette smoke. Table 2 contains the data for the five major acids in the smoke of cigarettes made exclusively from one sample each of Turkish, Bright, Maryland, and Burley tobacco, and a United States tobacco blend. Qualitatively, the fatty acids found in the smoke agreed with those from the tobacco extract. The sum of the five major nonvolatile fatty acids in the smoke of 1 g tobacco varied between 0.96 mg for the Turkish variety and 0.21 mg for the Burley sample. This amounts to about 1.05-2.6fl/o of the wet particulate matter or a concentration at least four times that found in tobacco. Although the TPM yields for Bright and Burley cigarette tobacco are comparable with the data reported by Bellin (1) , the two studies vary significantly in the nonvolatile free fatty acid content of the TPM. Bellin reported 5·7-5·90/o for the "tar" of Bright tobacco and 4.5-5.1 Ofo for the "tar" of Burley tobacco. Our values were 1.95 Ofo and 1.05 Ofo and demonstrate also a significant difference in the yields of the five major nonvolatile fatty acids in the mainstream smoke of different cigarette tobaccos (Table 2 ). This latter significant difference indicates, as to be expected, that the yields of fatty acids in the smoke are dependent on the concentration of fatty acids in the original tobacco. The recovery rate of fatty acids from tobacco smoke condensate and tobacco extract was found to be better than So Ofo. • Per cent recovery of free fatty acids in the mainstream smoke from 1 g cigarette tobacco burned. Moisture content of the tobaccos varied between 11.5-12.0 1 /o.
Based on the assumption that the nonvolatile fatty acids in cigarette smoke derive exclusively from the corresponding acids in the tobacco, the transfer to the smoke varies between :16 and 34 °/o (Table 3 ). As to be expected the lowest transfer rate was found for the highest unsaturated fatty acid, linolenic acid. Our data do not support the hypothesis that there exists a correlation between the yields in the smoke of fatty acids and particulate matter. As ·to be expected, the concentration of the free fatty acids in the tobacco represents a decisive factor for the yields of these components in the mainstream smoke. It is indicated, however, that tobacco with relatively high fatty acid concentrations, as Turkish and Bright tobaccos ( The analysis of cigarette smoke resulted qualitatively in a similar acid spectrum as found for tobacco. However, the concentration of the five major fatty acids was. found to be at least four times higher in the particulate matter than in the original tobacco. Assuming that these fatty acids in the mainstream smoke derive from the acids originally present in tobacco, one finds a recovery rate of about :16-34 Ofo. These findings are of interest not only to the tobacco chemist but may have even broader implications because of the possible role that nonvolatile fatty acids play in the tumor promoting activity of tobacco smoke condensate. Les observations experimentales presentees offrent de l'interet non seulement aux chercheurs etudiant la chimie du tabac mais auront une portee encore plus etendue en consideration du role promoteur possiblement joue par les acides gras superieurs clans I' activite carcinogene du condensat de la fumee de tabac sur la peau de souris.
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